Intracellular forms of Trypanosoma cruzi were destroyed in infected mouse macrophage cultures treated for 24 h with micromolar concentrations of phenazine methosulfate, brilliant cresyl blue, or crystal violet. Parasites were not killed in macrophages which were only treated with the dyes before infection, indicating that the drugs did not induce a protracted state of macrophage trypanocidal activity.
The electron carrier phenazine methosulfate (PMS) inhibits the growth of both Trypanosoma cruzi epimastigotes and Leishmania mexicana amazonensis promastigotes in culture (4, 10) . Since amastigotes of Leishmania within macrophages are also killed by PMS and other electron carriers (10), we examined the effect of selected dyes on the intracellular stage of T. cruzi.
T. cruzi (Y strain) (12) In some experiments, noninfected macrophages were treated with the dyes for 24 h. The cultures were then washed, infected, and kept in dye-free medium for 2 or 3 days before fixation. A total of 200 to 400 macrophages per cover slip were scored for infection at 400x magnification. Macrophages were considered infected if they contained one or more intracellular parasites. Two to three replicate cover slips were scored for each drug concentration. Replicate counts were usually within ±30% of the means. Table 1 summarizes the results of one experiment with peritoneal macrophages; similar results were obtained with bone marrow-derived phagocytes. The most active agent was the triphenylmethane crystal violet (effective concentration, 0.4 ,uM), followed by the phenoxazine brilliant cresyl blue (2 ,uM) and PMS (8 ,uM) . In addition, basic blue 24, a phenothiazine, was also effective at 2 ,uM (not shown). At the concentrations used, the cell numbers were not obviously affected, and most macrophages appeared morphologically intact 2 or 3 days after treatment. Since macrophages which contained damaged or dead parasites were also scored as infected, the counts after 24 h of treatment probably overestimated the extent of infection. This is indicated by the reduction in the percent infection in cultures pulsed with the dyes for 24 h and then incubated in dye-free medium for another 24 h before fixation (Table 1 ). Figure 1 shows photomicrographs of control and PMS-treated macrophages from the same experiment represented in Table 1 . While the percentage of infected macrophages was still high with 2 FiM PMS (Fig. 1B) , the number of parasites per macrophage was clearly reduced when compared with the control (Fig. 1A) . With 8 F.M PMS most macrophages were free of recognizable T. cruzi. The rank of dye effectiveness, crystal violet > brilliant cresyl blue > PMS, is similar to that reported for the killing of intracellular Leishmania amastigotes (10) . It is of interest that at the time of drug addition, the two parasites were presumably located in different cellular compartments: cytosol for T. cruzi and phagolysosomes for Leishmania (5 Thus, pretreatment with the drugs did not detectably enhance the parasiticidal activity of macrophages. Furthermore, macrophages pretreated with the dyes were able to ingest the parasites and were found to be infected 2 days later, again showing that the drugs did not irreversibly affect the viability of the phagocytes. Since blood and culture forms of T. cruzi are sensitive to crystal violet and to PMS (4, 9) , it is probable that the dyes acted directly on the intracellular parasites. However, host cells, while allowing for drug penetration, may also induce chemical modifications, such as dye reduction, which could be relevant to the killing of the parasites.
The mechanisms by which the dyes kill the intracellular T. cruzi require further investigation. Indeed, despite the obvious structural analogies of phenazines, phenoxazines, and phenothiazines, a common mechanism of action of the drugs remains to be demonstrated. Several possibilities will be briefly discussed. (i) The first involves the formation of dye free radicals which may be themselves toxic. Incubation of T. cruzi epimastigotes with PMS leads to the formation of phenazinium free radicals (4).
(ii) Reoxidation of these reactive and unstable intermediates may generate toxic oxygen reduction products such as the superoxide anion, hydrogen peroxide, and other secondarily formed metabolites with microbicidal activity (1, 3, 6) . (iii) The dyes may perturb the energetic metabolism of the parasites by diversion of electron transport or oxidation of pyridine nucleotides (6) . ( 
